A zinc metal-organic framework, namely poly[bis(N,N-diethylformamide)( 4naphthalene-2,6-dicarboxylato)( 2 -naphthalene-2,6-dicarboxylato)dizinc(II)], [Zn(C 12 H 6 O 4 )(C 15 H 11 NO)] n , built from windmill-type secondary building units and forming zigzag shaped two-dimensional stacked layers, has been solvothermally synthesized from naphthalene-2,6-dicarboxylic acid and zinc(II) acetate as the metal source in N,N-diethylformamide containing small amounts of formic acid.
A zinc metal-organic framework, namely poly[bis(N,N-diethylformamide)( 4naphthalene-2,6-dicarboxylato)( 2 -naphthalene-2,6-dicarboxylato)dizinc(II)], [Zn(C 12 H 6 O 4 )(C 15 H 11 NO)] n , built from windmill-type secondary building units and forming zigzag shaped two-dimensional stacked layers, has been solvothermally synthesized from naphthalene-2,6-dicarboxylic acid and zinc(II) acetate as the metal source in N,N-diethylformamide containing small amounts of formic acid.
Chemical context
In a preceding study, we showed how the presence of a small amount of added organic acids in the solvent N,N-diethylformamide (DEF), under solvothermal conditions, can be crucial in steering the production of new MOF (metal-organic framework) structures, as exemplified by the formation of two new zinc-terephthalate MOFs based on the trinuclear Zn 3 (O 2 CR) 6 secondary building unit (SBU) and containing the formate anion, solvothermally obtained from the wellstudied MOF-5 system Zn/H 2 BDC/DEF (H 2 BDC = benzene-1,4-dicarboxylic acid) in the presence of small amounts of added formic acid (Saffon-Merceron et al., 2015) . Here, another ligand, NDC 2À (H 2 NDC = naphthalene-2,6-dicarboxylic acid) is considered to further study the influence of added formic acid in DEF in MOF synthesis. The NDC 2À ligand has been widely used previously to prepare a number of MOFs (Gangu et al., 2017) , including IRMOF-8 belonging to the isoreticular MOF series IRMOF-1-16, which have the ISSN 2056-9890 
Figure 1
The structural model of the zinc windmill (or pw2) SBU found in MOF 1 (left) and of a typical zinc four-blade paddlewheel (pw4) cluster (right). same underlying topology as MOF-5 with oxygen-centred Zn 4 O tetrahedra as nodes but linked by different organic molecules (Rosi et al., 2003) . As a control, we first successfully synthesized IRMOF-8, as already described, from H 2 NDC and Zn(NO 3 ) 2 Á6H 2 O in DEF using a common solvothermal route (Rowsell et al., 2004) . Under the same experimental conditions but in DEF containing ca 1.8% added formic acid, an unidentified crystalline powder was obtained, seemingly in a pure phase, that did not correspond to any known NDC-based MOF. However, in the presence of zinc(II) acetate as the metal source instead of zinc(II) nitrate, we successfully isolated a new 2D coordination network, [Zn(NDC)(DEF)] n (1), identified by satisfactory elemental analysis and singlecrystal X-ray diffraction.
Structural commentary
Complex 1 crystallizes in the triclinic P1 space group, with an asymmetric unit containing one Zn 2+ cation, one fully deprotonated NDC 2À ligand and a Zn-coordinated DEF molecule. Each Zn II ion is pentacoordinated by five O atoms [Zn1-O1 = 2.543 (5) Å , Zn1-O2 = 1.949 (2) Å , Zn1-O3 = 2.026 (2) Å , Zn1-O4(DEF) = 1.979 (2) Å and Zn1-O5 = 1.980 (2) Å ] from three individual NDC 2À anions and one DEF molecule in a tetragonal pyramidal configuration. The SBU consists of doubly-bridged dinuclear units of Zn II atoms in a 'windmill' fashion ( Fig. 1) , with a ZnÁ Á ÁZn distance of 3.652 (1) Å , where each pair of Zn atoms is linked by two NDC 2À anions and each Zn atom is linked by a further NDC 2À anion and a DEF molecule (Fig. 2) . The two carboxylate groups of the same NDC 2À anion adopt either a 1 -1 : 1 (O1 and O2) or a 2 -1 : 1 (O3 and O5) coordination mode.
Supramolecular features
The structure of 1 shows a three-dimensional (3D) supramolecular framework built of zigzag-shaped two-dimensional (2D) stacked layers. Neighbouring 2D layers are interconnected through nonclassical hydrogen-bonding interactions between carboxylate O atoms (O1 and O3) and -H atoms of NDC 2À ligands with COOÁ Á ÁH-C -NDC distances Table 1 Hydrogen-bond geometry (Å , ).
Cg1 and Cg2 are the centroids of the C2-C5/C5 vii /C6 vii and C5/C6/C2 vii -C5 vii rings, respectively. Symmetry codes: (iv) x À 1; y; z; (v) x þ 1; y; z; (vi) x þ 1; y þ 1; z; (vii) Àx; Ày þ 1; Àz þ 2.
Figure 2
The molecular structure of MOF 1, with displacement ellipsoids drawn at the 50% probability level, showing the labelling sheme and the disordered ethyl group of DEF. [Symmetry codes: (i) Àx + 1, Ày À 1, Àz + 1; (ii) x + 1, y À 1, z; (iii) Àx À 1, Ày, Àz + 2; (iv) x À 1, y, z + 1; (v) Àx, Ày, Àz + 1.] of 3.307 (4) (O1-C4) and 3.548 (4) Å (O3-C12). Other interactions contributing to the stability of the framework involve H centroid -interactions of H16-C16 (DEF hydrogens) and the centroids [Cg1 iii is the centroid of the C2-C5/ C5 v /C6 v ring and Cg2 iv is the centroid of the C5/C6/C2 v -C5 v ring; symmetry codes: (iii) x + 1, y + 1, z; (iv) Àx, Ày + 1, Àz + 2;
(v) Àx À 1, Ày, Àz + 2] of the aromatic rings of the NDC 2À ligands, with CgÁ Á ÁH distances of 2.99 Å ( Fig. 3 and Table 1 ). The layers are stacked in a self-locking fashion in a 3D supramolecular framework ( Fig. 4) , which has open channels with dimensions of approximately 7.85 Â 12.55 Å 2 largely occupied by the Zn-coordinated DEF molecules ( Fig. 5 ). It is noteworthy that since 1 has been obtained in a DEF solution containing small amounts of formic acid, formate ligands are not present in the framework.
Database survey
Naphthalene dicarboxylic acid derivatives (H 2 NDCs), including 1,4-, 1,8-and 2,6-NDC, have been, due to their stability, richness in coordination modes and structural rigidity, widely used as organic molecules in the synthesis of novel MOF structures with a variety of metal ions, such as Zn II , Cd II , Co II , Ni II , Mn II or Ag I . Among all the 2,6-NDC/Znbased MOFs, two are closely related to MOF 1, i.e. a MOF of formula [Zn 2 (2,6-NDC) 2 (DMF) 2 ] n (Yang et al., 2013) , in which the two carboxylate groups of all the NDC ligands have two different coordination modes ( 1 -1 : 1 and 2 -1 : 1 ), and MOF-105 and its derivatives of generic formula [Zn 2 (2,6-NDC) 2 (DMF) 2 ] (Eddaoudi et al., 2002; Devi et al., 2004 ;
H centroid -interaction found in MOF 1 with DEF H atoms (H16) located near the centroid of the NDC 2À aromatic ring (all H atoms have been omitted for clarity, except for the DEF-H16 H atoms involved in the interactions).
Figure 4
View of the two-dimensional layers in MOF 1 stacked in a self-locking fashion yielding the three-dimensional supramolecular framework.
Figure 5
View of the two-dimensional stacked layers in MOF 1 along the crystallographic (a) a, (b) b and (c) c axes.
Shahangi Shirazi et al., 2015; Yue et al., 2015) , in which all NDC-carboxylates have a 2 -1 : 1 coordination mode, with a typical pw4 paddle-wheel structure motif, [M 2 (CO 2 ) 4 ]. For MOF 1, the two carboxylate groups of the same NDC 2À ligand adopt either a 1 -1 : 1 (O1 and O2) or a 2 -1 : 1 (O3 and O5) coordination mode, giving an uncommon pw2 paddle-wheel ('windmill') structural feature, [M 2 (CO 2 ) 2 ].
Synthesis and crystallization
MOF 2938, 1647, 1602, 1586, 1557, 1494, 1460, 1406, 1385, 1361, 1348 . The identity of the as-synthesized bulk material was confirmed by comparing the powder X-ray diffraction (PXRD) pattern with that simulated from the crystal structure ( Fig. 6 
Refinement
The ethyl groups of DEF were disordered over two positions, for which the occupancies were refined, converging to 0.51 and 0.49. The SAME, DELU and SIMU restraints were applied to model the disorder (Sheldrick, 2008) . All H atoms were fixed geometrically and treated as riding, with C-H = 0.95 (aromatic), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.0 Å (CH), with U iso (H) = 1.5U eq (C) for methyl H atoms or 1.2U eq (C) otherwise. Crystal data, data collection and structure refinement details are summarized in Table 2 . Computer programs: APEX2 (Bruker, 2008) , SAINT (Bruker, 2008) , SHELXS97 (Sheldrick, 2008) , SHELXL2017 (Sheldrick, 2015) , SHELXTL (Bruker, 2008) and publCIF (Westrip, 2010 is naphthalene-2,6-dicarboxylic acid and DEF is N,N- 
diethylformamide) Nathalie Saffon-Merceron, Alain Vigroux and Pascal Hoffmann

Computing details
Data collection: APEX2 (Bruker, 2008) ; cell refinement: APEX2 (Bruker, 2008) ; data reduction: SAINT (Bruker, 2008) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2017 (Sheldrick, 2015) ; molecular graphics: SHELXTL (Bruker, 2008) ; software used to prepare material for publication:
publCIF (Westrip, 2010) .
Poly[bis(N,N-diethylformamide)(µ 4 -naphthalene-2,6-dicarboxylato)(µ 2 -naphthalene-2,6-dicarboxylato)dizinc(II)]
Crystal data where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.33 e Å −3 Δρ min = −0.37 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
